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1. Introduction 
In orthodontic treatment, the final goal is to achieve the desired tooth movement and to 
reduce the number of unwanted side effects and eventually to improve patient’s esthetics.[1] 
Therefore, different methods for anchorage control has been suggested, such as using the 
opposing arch, extraoral anchorage, increasing the number of teeth in the anchorage unit or 
circum-oral musculature. 
Nowadays, with the advent of mini-implants, maximum anchorage has become possible 
and unwanted side effects have been reduced to a minimum. Mini-implants which are also 
known as Temporary Anchorage Devices (TADs) are small titanium bone screw or stainless 
steel bone screws which are placed either in buccal alveolar bone or the palatal side. These 
bone screws can be placed on the paramedian areas of the palate in growing children. [2, 3] 
The use of TADs can ensure a rigid intra-oral anchorage through which different tooth 
movements in all three planes of space can be provided. This might as well serve as an 
alternative to orthognathic surgery, especially in those instances where changes in the 
vertical dimension are required.[4] They can vary in size form 5-12 mm in length and from 
1.2-20 mm in diameter. [5] 
Among the pioneers in this field, Linkow was one of the first to use blade implants as an 
anchorage method for cl II elastics, [6] Later, in 1983, Creekmore and Eklund used 
vitallium screws placed in the anterior nasal spine region to intrude maxillary incisors as 
much as 6 mm. [7] it was until later in 1997, that Kanomi described the intrusion of 
mandibular anterior teeth using mini-implants. [8] Gelgor et al. reported as much as 88% 
success in molar distalization when the first and second molars were present following 
immediate loading. [9] 
It has been reported that mini-implants can be further divided into two group: 1) those that 
provide mechanical retention and 2) those that osseointegrate. [10] The process of 
osseointegration is a histological phenomenon through which the bony tissue is formed 
around the implant without the presence of fibrous tissue at the interface of implant-bone, [11-
13] however, in mechanical retention, those areas which are in direct contact with the bone are 
in charge of providing the primary stability; while there might be gaps in other areas between 
the mini-implant and the bone. [10] Osseointegrated devices need a healing period during 
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which they should not be loaded. Anyhow, it has been reported that immediate loading up to 
5 N does not affect the stability of miniscrew or loss of anchorage. [14, 15] 
The decision making based on which the site for mini-implant placement is determined 
depends on the quality and quantity of bone in a particular region as well as interdental root 
space and the type of malocclusion. [5] The recommended anatomic sites for placement of 
mini-implant in maxilla include the interdental alveolar process , maxillary tuberosity, 
palate or anterior nasal spine.[16] As for mandible, the proper anatomic places are 
symphysis and parasymphysial area, interdental alveolar process and retromolar area. [16] 
Correction of vertical problems has become easier with the advent of mini-implants. The 
envelope of orthodontic tooth movement has well increased and less emphasis needs to be 
placed upon patient’s compliance. Treatment of different patients addressing their 
orthodontic problems (specially vertical problems) are presented in this chapter. 
2. Patients and methods 
2.1 Case 1: T.P. 
The patient is a 15 year old male who was suffering from crowding both in the upper and 
lower arches. In order to alleviate the crowding, the patient had extracted the four first 
premolars based on an old myth that this will resolve the crowding. The spaces did not 
obviously close following extraction and the patient was referred to the orthodontist due to 
deep bite and the presence of spacing both in the upper and lower arches. (Figure 1-a to 1-c 
and 2-a to 2-f) The patient’s chief complaint was the presence of spaces in both the maxillary 
and mandibular arches. 
Clinical examination of patient show a slightly retrusive mandible and a nice posed smile. 
The intraoral photographs exhibit increased overbite, mild maxillary anterior crowding and 
a class II canine and molar relationship on both sides. 
   
Fig. 1. Figure 1-a to 1-c, patient T.P, pretreatment facial photographs. The patient exhibits a 
nice social or posed smile, but a convex profile. An analysis of the E-line and S-line of the 
patient shows that the lips are retruded and therefore, the teeth cannot be further retracted. 
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Fig. 2. Figs 2-a to 2-f, the patient had already extracted his four first premolars hoping that 
this would alleviate the mild crowding present. This had only led to a deep bite and four 
extraction spaces which looked unaesthetic. 
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Fig. 3. Figs 3-a to 3-c, pretreatment lateral cephalograms, cephalometric tracing and 
panoramic radiograph. 
Correction of deep bite can be achieved through different methods: extrusion of posterior 
teeth, upper incisors flaring, upper or lower incisors intrusion. Factors such as lower face 
height and upper incisor display dictate the technique through which deep bite can be 
addressed.[17] 
Intrusion of anterior teeth has always been challenging and more difficult to attain than 
extrusion. [18] For intrusion to be successful and efficient, light, continuous forces are 
desired. [17, 19] This method can be successfully carried out in patients with an increased 
interlabial gap, increased vertical dimension and excessive gingival display.[20]  
Case T.P exhibits acceptable posed smile at rest and upon smiling, therefore, intrusion of the 
upper incisors would not be a wise choice. Extrusion of posterior teeth, even though easier 
to achieve has a higher tendency for relapse but it tends to rotate the mandible backward 
and downward and thus aggravate the convex profile.[21] Based on the aforementioned 
factors, intrusion of lower incisors is the logical treatment approach. 
Lower and upper arch were set up with 0.018-in slot standard edgewise braces. In the lower 
arch, segmented technique was used to intrude anterior teeth. Two mini-implants, 1.6 mm 
in diameter and 8.0 mm in length were placed between the roots of mandibular lateral 
incisors and canines for en masse intrusion of lower incisors by chain elastics. In the rest of 
treatment the lower anterior teeth were tied to the miniscrews in order to prevent them from 
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relapse after their intrusion and to prepare anchorage for upper and lower posterior teeth to 
protract.  
After intrusion the lower arch was replaced by a continuous arch wire. The mini-implants 
were used in this stage of treatment for upper and lower posterior segment protraction. 
Lower posterior teeth were protracted one by one. Protraction of upper posterior teeth was 
done by class III elastics. So, the miniscrews were used as an indirect anchorage to close the 
spaces in the upper arch. In addition, As the upper anterior teeth were not retracted and the 
canine relationship was class II it was necessary for the lower anterior teeth to be protracted 
by increased lower arch wire and use of miniscrews. (Figures 4-a to 4-c) 
 
 
 
 
 
 
Fig. 4. Figs 4-a to4-c, progress intraoral photographs, Protrusion of upper and lower anterior 
teeth along with intrusion of lower incisors was needed to achieve the optimal overbite. 
At 12 months, treatment was completed (figure 5-a to 5-h and figures 6-a to 6-c). Fixed 
retainers extending from premolar to premolar were bonded in maxilla and mandible.  
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Fig. 5. Figs 5-a to 5-h at 11 months, treatment is completed. Notice the marked improvement 
in the facial profile and overbite. 
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Fig. 6. Figs 6-a to 6-c, posttreatment cephalogram and panoramic radiograph. 
2.2 Case 2: J.V. 
The patient is a 16-year-old girl with a class II canine relationship on both sides and a very 
deep overbite. Her chief complaint was irregular teeth. 
The pretreatment facial photographs show a retrsuive mandible and moderate crowding of 
the maxillary anterior teeth. The pretreatment intraoral photographs exhibited full class II 
molar and canine relationship on both sides, severe deep bite along with retroinclination of 
maxillary central incisors (fig 7-a to 7-I) 
Cephalometric analysis showed a class II skeletal relationship due to mandibular deficiency 
( SNB angle, 71°), A-point was also retruded (SNA angle, 75°). The FMA was within the 
normal range (26°). Maxillary incisor to SN plane was 87° which is much smaller than the 
normal range. IMPA was 94° which is within the normal range. In other words, the 
maxillary incisors were linguoversion and mandible is slightly retruded. 
The ideal treatment was to create a normal overbite and overjet relationship, reduce the 
anteroposterior skeletal discrepancy and obtain a class I canine and molar relationship. 
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Fig. 7. Fig 7-a to 7-i, pretreatment facial and intraoral photographs. Notice the retruded 
mandible and marked retroinclination of maxillary central incisors. 
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Fig. 8. Figs 8-a to 8-c, pretreatment cephalogram, cephalometric tracing and panoramic 
radiograph. 
The ideal treatment approach would be orthognathic surgery during which maxillary 
anterior teeth are proclined forward to obtain some overjet and move the mandible forward. 
However, the patient is past the age of growth modification and is not willing to undertake 
surgery as well. The treatment alternative would be distalization of maxillary dentition to 
provide space for leveling and aligning of maxillary incisors. However, distalizing the teeth 
tends to extrude them which makes the mandible to rotate backward and downward and 
thus worsen the facial profile. Therefore, it is essential that distalization of maxillary molars 
be carried out without extrusion.  
Missing of mandibular third molars permitted the second upper molars to be extracted. 
Therefore, Initially maxillary second molars were extracted and it was decided that the 
maxillary third molars would eventually replace the extracted teeth . Then, a segmented 
arch technique ( o.o18-in slot) was fabricated in the maxillary arch to prevent protrusion 
of the maxillary incisors while distalization of maxillary molars was being carried out. 
Two mini-implants 2mm in diameter and 10 mm in length were placed in paramedian 
midsagittal raphe. A transpalatal bar (0.38-in) was fabricated which was soldered to the 
bands cemented on maxillary molars. Anchorage was provided from the mini-implants to 
distalize the maxillary molars and at the same time prevent extrusion of maxillary molars. 
(figure 9-a to 9-f) 
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Fig. 9. Figs 9-a to 9-f, A modified version of transpalatal bar is fabricated in the maxillary 
arch to help distalize maxillary molars. As you see first upper molars have started to rotate.  
Retraction of all posterior maxillary teeth were intended during the course of distalization, 
maxillary first molars started to rotate(mesial in and distal out) due to the location of mini-
implants and the resultant untoward moment on them, therefore two other miniscrews were 
inserted in the buccal vestibule in the position of extraction of the second upper molars. The 
position where the miniscrews were to be inserted was critical in this case because if they 
were inserted too far mesially, distal root of the first molar could be cut off while they were 
being retracted. On the other hand, if they were inserted too far distally the third molars 
could not be repositioned mesially to replace the extracted second molars.  
While retracting upper posterior teeth lower teeth and upper anterior teeth were not set up 
since it was not necessary and also the patient was sensitive on her appearance And wanted 
to reduce the time during which she had to bear braces in the anterior area to a minimum. 
Therefore, for the major part of her treatment process which included the retraction of upper 
posterior teeth she was free of braces in the esthetic zone. Once a class I canine and molar 
relationship was attained, the transpalatal bar was removed to minimize the irritation in the 
palatal mucosa (figures 10-a to 10-f). 
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Fig. 10. Figs 10-a to 10-f, progress intraoral photographs at 6 months. A class I molar and 
canine relationship is maintained. Notice the miniscrews in the buccal vestibule. The 
transpalatal bar is removed to eliminate the irritation of soft tissue.  
Upper lateral incisors were small-sized and had thus resulted in anterior Bolton 
discrepancy. The patient was referred for composite build up of lateral incisors to gain 
normal tooth size. Total treatment time was 15 months. The mini-implant and the 
transpalatal bar were well tolerated by the patient. The post treatment intraoral photographs 
show a class I canine and molar relationship. Overbite is corrected. Facial harmony is very 
good. The pretreatment and posttreatment superimposition of lateral cephalograms 
shows no backward or downward rotation of mandible. Fixed canine to canine retainers 
were bonded in the maxilla and mandible (figures 11-a to 11-I and figures 12-a to 12-c) 
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Fig. 11. Figs 11-a to 11-I, posttreatment facial and intraoral photographs. Correction of 
increased overbite and class II molar and canine relationship. 
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Fig. 12. figs 12-a to 12-c, post treatment cephalogram, superimposition of pretreatment (red) 
and post treatment (black) cephalometric tracings, and panoramic radiograph. 
2.3 Case R.R. 
The next patient is a 31-year-old female who was once referred to a maxillofacial surgeon 
with a chief complaint of gummy smile. The surgeon had performed a maxillary impaction 
and an advancement genioplasty on the patient without presurgical orthodontic treatment. 
The patient eventually was not satisfied with the results and was therefore, referred to the 
orthodontist. Her chief complaints were gummy smile and the present spacing. 
The pretreatment facial photographs exhibit facial asymmetry along with a cant of maxillary 
occlusal plane. Clinical examination revealed a deviated midline (2mm). Spacing could be 
noticed at different areas both in maxillary and mandibular dentition. The four first 
premolars had already been extracted in earlier years to help alleviate crowding, but no 
further orthodontic treatment was carried out on the patient to consolidate the arches 
(figures 13-a to 13-j) 
Cephalometric analysis revealed a retrusive mandible (ANB angle 7°) and an increased 
IMPA angle (94°). The SNA angle was within the normal limits (82º); however, SNB angle 
was decreased (75º). In other words, patient had a skeletal class II profile accompanied with 
mandibular dental compensation ( figures 14-a to 14-c). The patient was not willing to 
undergo another orthognathic surgery to correct the existing problems and since the four 
first premolars had already been extracted, extracting yet another tooth was out of question. 
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Fig. 13. Figs 13-a to 13-j pretreatment facial and intraoral photographs, the four first 
premolars had already been extracted; notice the canted maxillary occlusal plane and 
excessive gingival display. 
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Fig. 14. figs 14-a to 14-c, pretreatment cephalogram, cephalometric tracing and panoramic 
radiographs. 
The treatment goals were to address the patient’s chief complaints, i.e correct the canted 
occlusal palne and close the spaces. Two mini-implants of 1.4 in diameter and 6.0 mm in 
length were placed between the roots of maxillary lateral incisors and canines. Initially a 
continuous 0.016 NiTi arch wire was placed as the initial arch wire. With the progress in the 
size of the arch wire, after 2 months, a 0.016×0.022-in stainless steel segmented arch wire 
was placed extending from left to right maxillary lateral incisors. In order to decrease the 
gummy smile, the patient was asked to wear 3
16
- in latex elastics from the anterior segment 
to the mini-implants. Since, the equal use of both mini-implants would not correct the 
canted occlusal plane, the patient was asked to wear the latex elastic to the left mini-implant 
two days in a row and to the right mini-implant once every three days (figure 15-a to 15- f) 
Consecutive use of latex elastics in the anterior region has the disadvantage of irritating the 
labial frenum, thus, decreasing the patient cooperation. After 1 month, in lieu of latex 
elastics, elastomeric chains were used. After intrusion of the upper anterior teeth and 
correction of its cant, continuous 0.016 SS arch wire was inserted in the upper and lower 
arches. Midline correction and space closure was carried out in both arches at this stage. 
Meanwhile, the upper anterior teeth were tied to the miniscrews to prevent their relapse 
after intrusion. 
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Fig. 15. Figs 15-a to 15-f, progress facial and intraoral photographs, mini-implants are placed 
between the roots of lateral incisor and canine to address gummy smile and canted occlusal 
plane. 
After 13 months, the treatment was completed. The patient was very well satisfied with the 
changes in her appearance. The gummy smile and canted occlusal plane had resolved 
significantly. Fixed retainers extending from second premolar to second premolar were 
bonded in the maxilla and mandible (figures 16-a to 16-h). Post treatment cephalometric 
tracing revealed 6 mm intrusion of maxillary incisors without a significant difference in the 
inclination of upper incisors (upper incisors to SN angle, pretreatment : 106º, post treatment: 
105º) ( figures 17-a to 17-d). 
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Fig. 16. Figs 16-a to 16-h, post treatment facial and intraoral photographs, notice the 
correction of the canted occlusal plane and gummy smile.  
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Fig. 17. Figs 17-a to 17-d. post treatment cephalogram, superimposition of pretreatment (red) 
and post treatment (black) cephalometric tracings and panoramic radiograph. 
2.4 Case R.T. 
This patient was a 31-year-old female with a class I molar and canine relationship. Her chief 
complaints were protrusion of her teeth and inability to bring her lips together. 
Clinical examination revealed bimaxillary dentoalveolar protrusion with excessive gingival 
display upon rest and lip incompetence. She exhibited slight facial asymmetry with her chin 
deviated to the left and also a class I molar and canine relationship and spacing distal to 
both maxillary lateral incisors (figures 18-a to 18-h ) 
Cephalomettric analysis showed the A-point and B-point to be protruded (SNA angle 89° 
and SNB angle 85°). The upper incisor angle was increased (126°) and IMPA was also much 
larger than normal (105°).The interincisal angle was 97°. The ANB angle was 4°. In other 
words, the patient showed bimaxillary dentoalveolar protrusion (figures 19-a to 19-c). 
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Fig. 18. Figs 18-a to 18-h, Pretreatment facial and intraoral photographs of the patient R.T. 
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Fig. 19. Figs 19-a to 19-c, pretreatment cephalogram, cephalometric tracing and panoramic 
radiographic. 
The best treatment approach in bimaxillary dentoalveolar protrusion is extraction of four 
first premolars. However, since the patient is suffering from excessive upper incisor display 
upon rest, extraction of premolars and retraction of anterior teeth would only exacerbate the 
gummy smile. In this case, the best treatment approach would probably be orthognathic 
surgery. The patient, however, was reluctant to undertake any type of surgery due to 
financial issues. The treatment alternative was to intrude the teeth and reduce the excessive 
gingival display with the use of mini-implants. 
Two mini-implants of 1.6 in diameter and 8.0 in length were placed between the roots of 
maxillary lateral incisors and canines. 0.018-in slot standard edgewise brackets were bonded 
on the patients teeth. The four first premolars were extracted. Anchorage preparation was 
extremely important in this case and therefore, maxillary and mandibular second molars 
were added to the anchorage unit. Anterior teeth retraction was carried out in two separate 
stages. Initially, maxillary and mandibular canines were retracted using pull coil spring and 
then T-loop on 0.016×0.022-in stainless steel was used to retract the incisors during the 
second phase of anterior teeth retraction. Elastic chain was applied to the upper anterior 
teeth from miniscrews to intrude them during retraction. 0.016-in and 0.016×0.022-in 
stainless steel wires were inserted after space closure as ideal arch wires. Interdigitation of 
the teeth was achieved by a short duration of interarch elastics. [22] 
After 17 months, treatment is completed. Even though the bimaxillary dentoalveolar 
protrusion is resolved, excessive tooth display was also corrected. Fixed retainers were 
bonded from the left to the right second premolars in both maxilla and mandible (figure 20-
a to 20-f). cephalometric tracing revealed significant improvement in the inclination of the 
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maxillary and mandibular incisors ( upper incisors to SN angle; pretreatment: 126º and post 
treatment: 91º, IMPA; pretreatment: 105º and post treatment 94º, Figures 21-a to 21-e). 
 
 
 
 
   
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 20. Figs 20-a to 20-f, post treatment facial and intraoral photographs, notice the marked 
improvement in the patient’s profile. Lip incompetence is resolved with no increase in 
upper incisor display upon rest or posed smile. 
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Fig. 21. Figs 21-a to 21-e, post treatment cephalogram, superimposition of pretreatment (red) 
and post treatment cephalometric tracings and panoramic radiograph. Notice the 
miniscrews in the upper arch that are not explanted yet. 
3. Conclusion 
The introduction of mini-implants has improved the practice of orthodontics. Treatment 
approaches have become available that can be an alternative to orthognathic surgery and 
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provide acceptable results. Duration of treatment becomes shorter significantly and simpler. 
The envelope of tooth movement has increased to an extent that more versatile movements 
in three planes of space can be carried out with more success. 
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